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Abstract. Wetlands, by ~eix nature, haw Reo acc,ss to v,xter for fum_.lling ,vaporatiotx
and transpk-ation demands. However, b¢c.ause wetlands arc often surrounded by
vegetation ttaat tins less acc,ss to watsr, evapommspirafion demands on wetlands car be
greater titan a simple weather data anMysis might indicate, due to advective trmlsfer of
ener~" into the wet!.~rid. Tiffs is especialiy true in arid regions and where tall wetland
w=getaf!on having limited a:eal expanse can be subjected to increased evapotranspiration
through oaai~ and clothesline effects. Because artificiat!y ~eated wetlands may re.qui~e
ardficially sustained water supplies, it is important to quan~_Cy the consumptive water
requirements. General procedures ar~ presented for estimating evapotranspirafion from.
wgtland~ as a function of the size,, height, density, and ardity of the surrounding area.
Evapotranspirafion coefficients (K¢) am summarized from studies of cattail and bulrush
w~-tIands in Utah and Florida. The Utah data include mea.mmments of evapotrampirafion
from large wetlands and from mail, narrow wetlands. Values for Kv mg~ from 1.I for
large w~tlaads in Florida to 1.3 for large wetlands in Utah to 1.8 for narrow, isolated
wetlands in Utah that are surrounded by poorly irrigated pasture.

In addition to the coefficients presentec[, surface and aerodynamic characteristics of
cattail w,tlands a.re pre~er~ted that a!low for the direct application of a Penman-MonCeith.
evapotranspimtion equation. Direct applicador~ of a resistance-based equation is
challenging due tc tk, e complexiD, of wetland canopies, and especially for smal! wetlands,
where assumptions h-. the Penman equation of large expanses of uniform vegetation are
violated.

Assoc. Pro6~aor of Itiological and lrrigat.iota Engineering, Utah State Uttiv, Logan, [51"/14322-4105. (801) 797-
2798. ALLENR IC@CC.USU.EDU
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Allen ASCE Wetlands Engineering Conf. 2
INTRODUCTION

The ability to estimate water use by phreatophytes and hydrophytes is useful in water balance
studies of river basins, and in estimation of ground water recharge, steam flow depletion, and
water requirements of wetlands. Hydrophytes ar~ defined as vascular plants growing wholly or
partly in water, especially those perennial aquatic plants having overwintering buds under water
(Me:’riam, 1971). Two common types of hydrophytes in North American wetlands am the cattail
(Typha Latifolia) and bulrush (Scirpux laeu~tris). Both of these hydrophytes are commonly
observ~’d along e~lges of marshes, ditches, lakes and l~onds.

Many wetlands in the wes .tern United States are found stoug stream systems or along irrigation
canals, remm flow channels or seeps. Consequently, many wetlands are [one and narrow. This
makes it di:~cult to apply the traditional energy balance approach, whe~ the Pcummu or
Penman-Monteith equation assumes that the expanse ofth: vegetation being predicted is nearly
infinke. Ttm result of’ srnall stands of.~,~-tland vegetation sm larger thsn normal cov~r
coefficients~ (Kc3 due to ~he so-ca!led "clothesline" effects.

Description of Vegetation

Cattails are characterized by amass of generally 10 or more :ear blades that are about I to 3 m
long and 3 cm wide. The leaf blades protrude diagonally and vertically from an oval stalk. The
plant produces a large seed head (15 em long by 4 cm diame:er) at the top of the stalk at about a
1.5 m height. The. root stalk of the catY~ail is perennial and is often found in sammmd soils. All
vegetative growth occurs annually and is damaged by frost, 03 which it is sensitive.

BuLrushes are characterized by long, marrow, round leaf swords wldch gzow vertically and
diagonally from a central stalk and grow to a I to 2 m heigJat. T’ne round leaf swords average
about I cm in diameter. The bulrush plant produces seve:~.l small seed heads near the top of the
stalk. As with c.atmils, the mot stalk of the bulrush is perennial and often occurs in saturated
soL. All veg~’tarive growth occurs annuatly.

Hydrophytes often grow ~n patchy, long, r~n~w stands in wetlands along streams and canals,
where the average width of the s~d is only I to 10 m. Thersfore, the heat~ air movement and
vapor exchange between these stands and thc atmospheric boundary layer havc two or throe
dimensions and do not conform to the relationships that characterize large fields. In large fields,
evapotransptration (ET) and heat exchange can be modelled as one-dimensional and as occurring

ZThe "covar coei~cient" is defined as th_e rat~o ofET fi-om the vegetation (or cow.r’) to the reference ET (ETr). "l"na cover

coefficient is synonymous with the "crop coefficient" ~ with agricultural crops.
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PAST STUDIES

Studies of water use by aquatic plants and hydmphytes began more than 70 yea~ ago with Otis
(1914) reporting water use by cattails which was 3 time~ that of evaporation from open water
(Eo). Much of the extra water use was due to the experimental design of Otis, where 0.8 m
d~aznet~ ca~I ~ w¢~� exposed on ai1 sides to ~h, ccdve ener~, (P~udcrson and Idso, 198"~,
and wc~ therefore unrepresentative of all but d~e most exU’eme cases ofisolaZcd, small sr~mds of
hydmphyte vegetation.

Young and Blaney (1942) conducted studies on native vegetation and reported water use by
hydrophyte stauds which was 40% greater thau Ho. The Youag-Blaney lysimeters were
surrounded by stands of similar vegetation which served to reduce the area. of !ysimetcr
ve~e~ation intercepting ne~ radiation, helped contaku lysimeter ve~e~tion wiuhin the lysimetc=,
and reduced advective flow of air into lysimet~r vegetation.

Anderson and Idso (1987) presented general relationships between ET/Eo and the ratio of’total
exposed area of vegetative outline to horizonta! ~mrface area. ET from cattai.ls in e.~osed 2.3 m
diameter lysimeters surrounded by dry fetch ranged from 2 to 5 times Eo, which envelopes the
ratio mport~ by Otis (1914). The Ande~rson-Idso cattail srady was conducted in a rese2zch "
~ surrounded by fallow fields and residential development and with dire~ exposure of the
lysimeter vegetation, which is uncharacteristic of most native conditions. The studies by Otis,
Young and BIaney, and Anderson and idso reflect the variation inreported ratias of ET to Eo as
exposure and rdative staud -¢ize change.

Prueger (1991) measured ET from cattail and bulrush vegetation using 1 m2 constant water table
lysimeters centered within 36 m2 stands of vegetatiom The vegetation stands were bordered by.
irrigated pasture. Allen et al. (1992) fit aerodynamic roughness and bulk stomatal resistance
parameters and evapotranspk-afion coeffic;.¢nts to these ET measurements, which repre.sented
narrow, isolated stands of caaail and bu!rush vegetation. Peak ratios of ET from the centgrs of
the 6 m wide stands to alfalfa reference ET (ETr) averaged 1.6 for cattails and 1.8 for bulrushes.
A ratio of momentum roughness height (zorn) to vegetation height (h) of 0.3 and single leaf
resistance (rl) equal to 200 s m"1 for cattails and !50 s m"~ for bulrushes best f’rt tke experimental
data using the Penman-Monteith equation.
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Errors between prediction equations and lysimeter measurements were minimized by Allen ¢t al.
(1992) using [Lv~ear, segmented FAO type evapotranspimtion coefficient curves. The large
for the narrow stand~ were caused by the clothesline effect of the taJ[ vegetation sm-cou.uded by
short grass pasture.

AIIca ct al. (1994) r~ported aerodynamic and sur~� resistance parameters for a large, dense
stand of" cattails in northera Utah using Bower, ratio ET measuring systems placed oa the edge of
a 9 ha area. They found the ratio of ET to ETr to average about 1.15 during the peak period. The
1. I5 Ko represents ~hc cover coc~icient for a large expanse of ca~.i! vegetation, ~ compared to
the Ko = 1.6 reported by Kllen et a!. (I992) which represents small stands and~wcfla.uds within
the same climatic tegioa. Ia applying the Penmaa-Monteith equatioa to the large cattaiI wetland,
Allen et al. (1994) used a bulk surface resistance rs = 45 s ra" and zorn / I-I ratio = 0.12 for the
midseaso= period, whicl~ ~ simihr to values used for alfalfa; the only diffcm,~ce being the 2 to
3 m bright of the cattail vegetation as compared to ~e 0.5 m averag~ height for aLt’aLfa. Allen
al. (1994) found measured net ra£1ia~oa, Ra, f’o~ the dense cattails to bc very dose to that for
affa1~ indicating a similar albcdo (about 0.23).

Abtew and Obeysekera (1995) measured ET ~om a large cattail wedaad in southern Florida
using a 10 rnz constant water table lysimeter. Their r~rted measurements Ludicate a midseason
Kc = l .C0, ba.scd oa oJa alfalfa rcfc~nce (ASCE Pcnman-Montcith with 0.5 m alfaffa). Abtew
and Obeyseker~ (1995) found rs -- 100 sm" for zorn / H -- 0.I2 ~or the �=tirc scasor,. Because
th¢ir Kc’s w~r~ 40% lower during thc October -ApriI period, thdr rs would have k~d: lower,
p~rhaps 50 to 60 s m"~, ducing the midseason pe,-iod (May - August).

It Ls citer, based on ~e ~angc of" Kc’s reported from wa’ious studies, that the local clknate a~d
surroundings play a substantial role Lathe pcak or midscasoa Kc for a wetland. A/lea �~
(1994) suggcst.cd using a~ ~pproach simila~ !o that prcscz~tcd in Fig. I to estimate the midscasor,
~ for ta~ wctla~d vegetatio~ where the Ko is varied according to the size of th~ staad
(reinsure dimen.q~oa) .axed the relative HT of the surroundings. This figur~ n¢eds to be modified
(fi11~ ia) by future research a~d mcasar~meats and by summaW a~d characteri,~tioa of prc~ous
studies.

THE COVER COEFFICIENT APPROACH

Currently, the most common practice for estimating evapotranspLrat[on requiremenm for
agricultural and horfieuItta’P! croos is to use a "crop" or "cover" coefficient ~ multiplied by an
estimate of reference evapotranspiration <"ETr). This is a simpIe, yet robust, approach which has
received repeated testing and use and is widely accepted by t.he agricultural and et~gineering
co.mmunities (Smith et al., 199 I). The cover coefficient is v~cied with time to reflect changes in
ET¢ rela,*ive to ETr. The cover coefficient is a lumped parameter which considers all
characteristics of the crop which are d2fferent from those of the ET reference crop. The ETr
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Summary Table of Cover CodIieients

Tabl~ 1 includes a summary of K~ data and growth dates for the data summarized i~ the previous
section. This kfformafion is also presented kt Fig. 2 and 3. The simpl~ FAO style ofK~ curv~

measur~ data. The FAO K~ curve is comprised of five strai~t line segments tkat r~r¢.~nt the
1) "initial period", K~ ~; 2) ~e "development period"; 3) the "midseason period’, Kc mid, 4)
the "late season p.~d", and 5) the "post death period" (or po~ dormancy period), Kc end- The
initial, midsemon, and post death perwds are comprised of horizomal K¢ line segments.

Table 1. Values of initial, midseason, and ending cover coefficients (Ke) and growth
d~tes for e~tt~ and bulrush wetlands.

Location               Ke iniK~ mid K~. B~. Beg. End Death
end Growth Mid Mid or

Se~s. Seas. Dorm.

Logan, Utah 0.3 1.6 0.3 5/1 6/15 9/15 10/1
Sm~ll Stand - Cattails

Logan, Utah 0.3 1.8 0.3 5/1 7/8 8/7 10/1
Small Stand - Bulrush

Logan, Utah 0.3 1.15 0.3 5/1 6/15 9/15 10/1
Large Stand - Cattails

Southern Florida 0.6 1.0 0.6 3;I5 .    5/1 9/15 I0/15
L~’ge Stand - Cattails

Vege~tion in all Utah’ioeatio~ was killed by the tim occurrence of fr~¢zing (0 oC). Vegetafioa in ~outhem Florida was
som~,what dormant during th~ wiater scion (Abtew ~nd ObCysekera (:995).
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When using the FAO style curve, where the nddseason K¢ ~e,-iod of maximum growth and
health) is represented by a horizontal line, the value for Kc mid is not necessarily the p=’ak K~ for
the crop. The Kc for some ~ndividua! days or for a short period can be greater than K¢ mid.

However, the difference ~s generally small. The growing season for cattail and bulrush
vegetation ends with frost in northern latitudes. Th~ K~ before growth initiation (K~ tat) and aider
death (I~ ¢nd~ is a function of the health of the vegetation and the amount and frequency of
wetting by precipitatiom In northern Utah, I~ tui averages about 0.3 due to relatively inf~quent
wetting during the nongmwing sea,son. In Florida, whom plants stay green, but somewhat
dormant during the winter, and where tmscipitation is greater, K~ tui averages about 0.6. Monthly
I~’s determined from data reported by Abtew and Obeysekera (1995) are ~ewn in Fig. 4. The
length of the midsea.soa portion of’the curve drawn in Fig. 4 (and in He. 2) was based on tl~
description of the period of maximum vegetation growth given in the Abtew paper. It appears
that tim El" from the cattail wetland decreased prior to September.

Measurements of ET during the initial period, as determined using a Bowen ratio ET measuring
system are shov, u for dormant {dead) cattail vegetation in northern Utah in Fig. S. In this figure,
the 20-minute values are split into t-wo general groups. These are measurements during and
following precipitation (high values of LE from the wetland) and measurements where the dead
vegetation was dry. The tatt, er measurements averaged nearly zero. As indicated [u Fig. S, ~
wet vegetation sur.’ace, even though the vegetation was dead, caused evaporation rates from the
wetland to exceed corn.outed alfatfa reference ET by 2.2 times. This was due to the large
toughness of the dead vegetation (average height oft_he dead vegetatieu was about I m) and zero
surface resistance (rs = 0) ,,,,’hen the sttr~ce was wetted by rain. The values for K¢ in/and K~ cad
are also influenced by the amount of open water withku the wetland. These two.values w~ll
in~ as the fraction of open water increases.

OPEN WATER EVAPORATION

Evaporation from opea water must be divided ~to uvo categories: evaporation from deep water
bc~1ies and evaporation from shallow water bodies. In the context of evaporation, deep water
b~dies ale cafegorized as those water bodies where the mean water depth averages I m or more.
Shallow water bodies are those where the mean water depth aver-~ges less than I m. The
distinction between shallow aad deep water bod~.es stems from the timing of transfer of net
radiation ~ from t.he vcater body to the water su~ace for evaporation.

Water differs from vegetation in that the point of R~ adsorption is different from the point of
evaporation. ~ vegetation, leaves absorb R~ and almost immediately convert the energy into
e~ther sensible energy to &e air (l-F) or into evaporation (ET). W~ter, on the otl~r hand, absorbs
P~ beneath the water surface. The depth oft.he water l~yer absorbing .’~e Ru depends on the
turbidity of the water.
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Allen ASCE Wetlands ~ngm~ring Cenf. 7

The consequence of adsorption of Ka beneath the water surface is that the energy is not
immediately available for evaporation, but is converted into heat within the upper v,~ter ~yer.
The adsorbed energy, in the form of he.at, must be transferred tc the surface throug.k conduction
or convection. These processes may be slow, so that evaporation from the surface lags IRa. In
devp, clear water bodies, the transfer of heat energy back to the surface is so dampened that it is
essentially constant throughouta 24-hour period so that evaporation is almost constant day and
nigJ~.~ w~th no correlation with Rn rates (Amaymh, 1995).

Shallow wamr differs from deep water in the time delay b~tw~n Ra absorption and transfer of H
to the sin-face. In shallow water systems where all Rn is adsorbed in the upper I m of warm, the
transf~ of’~ne, rgy back to t.he surface for evaporation is on
when computed on a monthly time step, evaporation is s~rongly Corrvlat~ with net radiation. In
d~p water systems, the absorption ofRn can b~ transferred into dex:p layers of the body so that
the transfer of~aetgy back to the sur~ce car. b~ delayed on the order of months. The effect of
",Yds ~s that evaporation from dvrp wa~r bodies may not bc closvly misted, to Rn, rve~ on

monthly time steps. T~.v result is a reduction in K~’s for desp open water, evaporation in the
spring and .summer moa ~t~ when the water body is absorb~g morn r’a.diafion energythan is
transferred �o the water surface, and au increase in Kc’s in fl~e fall and whiter months when
transfer of heat to the surface ex~eds "incoming P~ and the water body cools.-

An exampl~ of Kc’s for a d~p wa~er body’, relative to alfalfa an~ grass rcfe_,’ence ET is g~vep, in

Table 2 and ~n Fig. 6, where monthly Y~’s durh~g th~ March - November period ~ graphed for

the Bear Lake system in Utah-ldaho. The Bear Lake averages more than 15 m depth and has a
su_rfac~ ar~a of mor~ than 2C0 kin:. The evaporation mea,su~ements
ratio me~surirg system. Measurements were ind~endently vali -dazed "~ing measu~menzs taken
with an rddy correlation system (Amayrsh, 1995).

Table 2. Evaporation measuremenks from Bear Lake, Utah-Idaho during 1994 based on
Bowen Ratio and Eddy Correlation Measuring Systems (from Amayreh, 1995).

Lake C-ross ALfalfa
Month Evaporation Ref.ETo I~ Ref.ETr K~

(ram/day) (ram/day) (ram/day)
March 1.3 1.8 0.75 2.3 0.60
April 1.6 2.7 0.61 3.4 0.49
May 2.0 4.0 0.49 5.0 0.39
.June 2.2 5.1 0.45 6.4 0.36
J’,dy 2.6 5.3 0.45 6.6 0.36
August 2.4 4.9 0.48 6.I 0.38
September 2.2 3.5 0.60 4.4 0.48
October 1.6 1.7 0.95 2.1 0.76
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Evaporation from d~p water bodies ,MI1 d~fmitely lag pan evaporation measurements due to the
potentially very. large heat storage term for the water body. The length of time tag depends on
the depth of the water body and the range in mean air temperature between winter and summer
(tropical water bodies would have a lower lag, since the water temperature would be in near
equilibrium with mere annual ah" temperature).

Evaporation from shallow water.bodies will fottow pan evaporation measurements morn closely,
since the heat in the water is transferred to the surface more readily and because the water
temp~-atur~ comes into equilibrium with the air t~mperatum more quickly. In general,
evaporation f~m open wate~ will be less than that from a NWS Class A evaporation pan
the ~lalively smooth water body ~eates 1,ss turbulence and c, oasequ~nfly less vapor transfer
than the evaporation pan, which is surrounded by m!atively rough gra~ and other vegetation. In
addition, the sides of the pan can collect additional radiation and heat as compared to open water.
Many users estimate evaporation from sha!low water bodies as 0.7 F_.l~m.

RESISTANCE-BASED EQUATIONS FOR’WETLAND EVAPOTRANSPIRATION

Background Equations

The Penman-Mon~[t,h equation can Ee ca!ibrated to estimate ET ~om a wetImd ~¢¢fly by
de~g p~ete~ for [he aerodynm~c r~is~ce md ~fa~ ~s~ce ~e~ md for
Nb~o @efface) of ~I~ ~atiom ~ ~& ~ Pe~m comb~ation e~tiom, ~ Pe~-
Montei~ me~od ~ developed to e~e ET ~om a l~ge exp~e of ~e s~e ~e of cover
so ~ ~e as~pfio~ ~n ~e eq~fion ~e valid. ~e Pe~-Montei~ eq~fion ~
~s~ (~en ~ M., 1989):

(e~ - ea)A(Rn-G)+ p cp
ET =                         r.                         (2)

A+ y (1+ r~)
ra

¯ where ET is evapotranspimtion, R~ is net radiation, and O is soil heat flux, all having units of W
m’2; p is air density, kg m’3; cp is specific heat of dry air, J kg"~ °C’~, mad e~ ar.d em axe saturation
vapor pressures ofaix a~ air temperature and dewpoint, respectively, k.Pa. A is the slope oft.he
saturation vapor pressure curve and y is tee pyschrometric constant, k.Pa °C"~, which can be
computed accordhng to Jonson et al. (1990). ra is aerodynamic resistance to turbulent transfer of
sens~le heat and vapor from ~e plant surface into the a~nosphere at the whad meas ’uxement
height, s m"~, and r~ is bulk canopy resistance, s m"). The strength of the Penman-Monteith
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equation relative to more empirical forms of the Penman ~uation is that it directly accounts for
aemdyuamic re, sisumce to turbulent diffusion and stomatal resistance to vapor transport.

AJlea et al. (1989) presented relationships for estimating the values ofr~ and rs for dense
vegetmion under well-watered conditions where aerodynamic instability could be ignored:

In z_~-.d In , zt

Ua

and z~ is the height of the anemometer (wind) measurement ~bove the ground, m; and z
height of temperature and relative humidity (or vapor i)res~uro) measurements abov~ the ground~
m. Variable d is the zero plane displacement height of the vegetation, m; ~m i~ the momeatum
roughness height of vegetation, m; k is yon Karman’s consUmt for turbulent diffusion, equal ~o
0.41; and ua is wind speed at the anemometer height, m s"~. Mien ¢t al. (1989) and Jonson et al.
(1990) suggested using ratios ofd/h and Zomlh of 0.67 and 0.123 for both alfalfa and grass, where
h is the mean height of vegetation, m.

Canopy resistance for a uniform, dense canopy can be c.a.lca.tlated as the quotiem of individual
leaf stomatal resistance (per azea of leaf) and the total projected leaf area of~he plant (Allen
al., 1989):

O)

whe’m rI is ~omatal r~sistance of a sIngle l~uf p~r unit projected LAI, taken as I00 sm"I for

ref~nc~ crops of alfalfa and grass. LAI is the projected leaf area index (defined as the total axea
of one side office l~aws (m~) per m2 of ground surface), and LAI~flqs the LAI active in vapor
and sensible heat ~¢change. For vegetation having a dense canopy, such as gems and alfalfa,
LAI~= approximately 0.5 LAI. The 0.:5 coefficient indica~s that only the upper one halfofa

dense, one-dimensional canopy is effective in latent heat exchange. For open canopies ofcatudls
and bulnashes, Allen et al. (1992) used LAIeff= LAI.

Resistance Parameter Estimation
Application of the Penman-Monteida equation and supporting resistance ~quatiom requires ~e
measurement or estimation of plant height and leaf ax~a index. Leaf area ~dices of hydrophytes
can often b~ estimated by mult’~p~.ying average plant d~nsifies by the average w’idth and heights of
leaf blades and by ,.he average number of blades per plant (Prueger, 1991; Mien et al. 1992).
AIlenet al. measured a maximum LAIfh ratio for d~nse cattails equal to 3.3 m"~ (3~3 LAI per m
of bright), with an average value of 2.5 m"t" The average LAI!h ratio was 2.8 m"~ in bulrush
stands.
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Pmeger (I 99 I) compared measured and estimateE net radiation (Wright, 1982) over cattail, and
concluded that an aJbedo of O.17 was th~ best ~sttmate for cattails. Abtew and Obeysekera
(1995) mad~ the same conclusion.

In general, it is di~cult to find a unique solution of rougtm~ss and surface resistanc~ parameters
during calibration of wetland measurements to a single layer Pennmn-Monte, ith equmion. Allen et
al~ 199~, found a relatively "broad" plateau of roughness - surface resistance combinations that
produced the same minimum e~hnadon m~or. In some sittmttons, Zom:H was ~ treaf~ as a
variable and estimated as a function of wind speed, and rs was best ~’~mated as I00 - 0.09 (Rn - .G),
were R, and G am in W m"2. I-lowev~, applying these algor’,thms did not statistically produc~

~stimates that wvm more accurate than assuming that zom:H = 0.12 and that re’- 45 sm-l.

Standard errors of estimam (SEE) calculated between P-M estimates and BR El" m~zur~n~s in
th= Allen et aL, (1994) study am reported in Table 1. Ratios betw~-n estimates and BR
m~",mm~ents w~re nearly 1.0 for all approaches since parameters :..n ~ach approach ~m cah"ora!¢d .
to th~ BR data. Values for SEE were similar among all me,.hods, averaging about 0.08 rnm for
each 20-minu~ period of measurement and were actually lowest for th~ Ko ETo estimams.
However all approaches produced similar results. SEE’s av~ag~! about 40% of" the average ET
duz g day ght periods.

Table 3. Rstios of Penman-M[onteRh estimates to Bowen Pmfio measured ET and standard
errors of estimate for twenty minute periods during August, 1993 for cattail vegetation at 9
ha Pelican Pond~ Utah.

Method Method Method Method for rs Ratio of Std. Std.
for Zorn: H for Zoh: Est. m Enor Error

zvm
BR ET of of Est.,

Est.,

P-M 0.12 0.I 45 s mq 1.02 0.080 42

P-M f(u) 10o-0.0  P, -o)1.00 0.076 40

P-M f(u) f(u) 45 s m" 1.02 0.081 43

1.~SETr -- -- -- 1.00 0.076 40

1.30 ETo .... 1.0t 0.073 38

(ETr "= alfalfa reference eva.r~)transpiration; ETo = gra~s rgfercncc evapotmm~irafion)

� S 0
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Generally, the agreement beryl, n estimate~i and measu~d ET ~s b~tter using the simpler K¢ ETr
approach than with the Penman-Monteith approach (Allen et ~1., 1992, 1994; Abtgw and
Obeysekera, 1995). This is du~ to some degree by the complexity of wetland canopies, and
e~peciaIly for %mall wetlands, where assumptions of large expanses of uniform vegetation in the
Penman equation are violated. The Kc curv’~s also ~corporate all dL~emnces and changes
vegetation relative to the rougtmess crop, where.as, these ditTemnces must 1:e explicitly
characterized for the Peamaa-Monteith equation, which caa be diRicuk.
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Fig. I Proposed K.c curve for peak ET p~.":.ods for ta!l wetland veg~’,afion (from Alien ct el.
1994).
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Fig. 2 K~ curves and observed data for cat’tail vegetation (smal! st. = small stand (area-wise);
large st. -- large stand (area-wise)).
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Fig. 3 I~ curve and observed dam for a narrow stand of bulrush vegetation near Logan, UT.
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Fig. 4 Monthly Kc determined from data reported by Abtew and Obey3=kera (1995) for a large
cattail wetland ~ southern Florida. The length of the cur-~e was based on descriptions
given by the paper.
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Cattail Wetlands, Logan
April 26 - May 9, 1995
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Fig. 5 20-minute recordings of evaporation from a dormant cattail wedand (LE) vs. alfalfa
reference ETr for periods during and follo~ing rainfall events and for periods having dry
(and dead) vegemtioa during late A_pril -eariy May in Logan, UT.
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Fig. 6 ,[z,~,, coe£tici.ems for eva:por,~t;.oa fzom a [az~e, deel~ [&e ~ Uta.h.-[dab.o as measured usia¢
E~owez~ z~do azz~ ¢c[dy correladoa systems (~o’m A.mayr¢]z, 1995).
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